Dasatinib is the most potent BCR-ABL inhibitor, with 325-fold higher potency than imatinib against unmutated BCR-ABL in vitro. Studies have demonstrated the benefits of dasatinib 70 mg twice daily in patients with acceleratedphase chronic myeloid leukemia intolerant or resistant to imatinib. A phase 3 study compared the efficacy and safety of dasatinib 140 mg once daily with the current twice-daily regimen. Here, results from the subgroup with acceleratedphase chronic myeloid leukemia (n ‫؍‬ 317) with a median follow-up of 15 months (treatment duration, 0.03-31.15 months) are reported. Among patients randomized to once-daily (n ‫؍‬ 158) or twice-daily (n ‫؍‬ 159) treatment, rates of major hematologic and cytogenetic responses were comparable (major hematologic response, 66% vs 68%; major cytogenetic response, 39% vs 43%, respectively). Estimated progression-free survival rates at 24 months were 51% and 55%, whereas overall survival rates were 63% versus 72%. Once-daily treatment was associated with an improved safety profile. In particular, significantly fewer patients in the once-daily group experienced a pleural effusion (all grades, 20% vs 39% P < .001). These results demonstrate that dasatinib 140 mg once daily has similar efficacy to dasatinib 70 mg twice daily but with an improved safety profile. This trial is registered at www. 
Introduction
Chronic myeloid leukemia (CML) is characterized by a triphasic natural course comprising a chronic phase (CP), typically followed by an accelerated phase (AP), and finally a blast phase (BP). 1, 2 Approximately two-thirds of patients progress to BP via AP with a median survival for patients in AP of 1 to 2 years. 1, 3 Although the mechanisms behind progression to advanced phase disease in CML have not been fully elucidated, several processes may play a role, including additional cytogenetic abnormalities (clonal evolution), genetic mutations and deletions, and up-regulation of specific genes. [3] [4] [5] [6] Current first-line therapy for AP-CML is imatinib mesylate (Glivec [in the United States, Gleevec]; Novartis, Basel, Switzerland), an oral tyrosine kinase inhibitor of BCR-ABL. [7] [8] [9] Although imatinib induces notable hematologic and cytogenetic responses in patients with accelerated-phase chronic myeloid leukemia (CML-AP), these responses are frequently short-lived, with a median progression-free survival (PFS) of 8.8 months. 7 Development of resistance to imatinib represents an important clinical issue affecting approximately 50% of patients with CML-AP within 2 years of treatment. 10 Because progression on imatinib is associated with poor prognosis, 11 alternative treatment options are required.
Dasatinib (SPRYCEL; Bristol-Myers Squibb, Stamford, CT) was the first agent approved to overcome the problems of imatinib therapy in patients with CML. Dasatinib is structurally unrelated to imatinib and is approximately 325-fold more potent than imatinib at inhibiting unmutated BCR-ABL in vitro. 12 Preclinical studies have also shown that dasatinib has potent activity against other kinases, including Src family kinases. 13, 14 An extensive phase 2 program confirmed the efficacy and safety of dasatinib 70 mg twice daily in all phases of CML or Philadelphia chromosome-positive acute lymphoblastic leukemia (Ph ϩ ALL). [15] [16] [17] [18] [19] Data from a phase 1 dose-escalation study showed that treatment with dasatinib 140 mg once daily was also associated with significant hematologic and cytogenetic responses, and with longer-term follow-up; this regimen has been found to result in a lower incidence of pleural effusion than twice-daily dosing. 20 It was therefore decided to further evaluate dasatinib dosing schedules in larger clinical trials. The aim of the current phase 3 study was to assess dasatinib 140 mg once daily and 70 mg twice daily in patients resistant or intolerant to imatinib with CML-AP. Here, we report data from 2 years of follow-up of patients with CML-AP.
once-daily or 70 mg twice-daily schedule) in patients 18 years of age or older with AP-CML, BP-CML, or Ph ϩ ALL. This report focuses on the subgroup of patients with AP-CML.
Inclusion criteria required that all patients had stopped treatment with imatinib after resistance or intolerance. Resistance to imatinib was defined as no hematologic response (HR) to imatinib after at least 4 weeks of treatment or an increase of 50% or more in peripheral blood blasts after 2 weeks of treatment with at least 600 mg/day; achieved HR and subsequently no longer met the criteria consistently on all assessments over a consecutive 2-week period while receiving imatinib (Ն 600 mg/day); or patients initially diagnosed with CML-CP who progressed to CML-AP while receiving imatinib at any dose. Intolerance to imatinib was defined as having grade 3 or greater nonhematologic toxicity or grade 4 or greater hematologic toxicity lasting for more than 2 weeks while on imatinib at least 600 mg/day that led to discontinuation of therapy, or to dose decrease to 400 mg/day or less with loss of HR. In addition, all patients were required to have an Eastern Cooperative Oncology Group performance status score of 0 to 2 and adequate hepatic and renal function. To meet inclusion criteria for CML-AP, patients were required to have peripheral blood or bone marrow counts of at least 15% but less than 30% blasts, blasts plus promyelocytes at least 30% but less than 30% blasts alone, at least 20% basophils, and platelet counts less than 100 ϫ 10 9 /L unrelated to drug therapy. Patients with clonal evolution or with prior CML-AP (except those defined by elevated basophil count only) who achieved an HR and subsequently progressed were included even if they did not reach the threshold values of percentage of blasts in peripheral blood or bone marrow for AP. Exclusion criteria included: treatment with imatinib, interferon-␣, cytarabine, or any targeted small molecule anticancer agent within 7 days of initiation; uncontrolled or significant cardiovascular disease; history of a significant bleeding disorder unrelated to CML; or any concurrent incurable malignancy other than CML. Written informed consent was obtained from every patient before participation. This study was conducted in accordance with the Declaration of Helsinki and was approved by local ethics committees/institutional review boards at all participating institutions.
Randomization was stratified by phase and type of disease and imatinib status (resistant or intolerant).
Objectives
The primary objective of this study was to evaluate the efficacy of dasatinib 140 mg once daily and dasatinib 70 mg twice daily in terms of best confirmed major HR. Other secondary endpoints included evaluation of overall HR, cytogenetic response (CyR), time to and duration of responses, PFS, overall survival (OS), and safety.
Treatment with dasatinib
Dasatinib was administered orally either as 140 mg once daily or 70 mg twice daily. Dose escalation to 180 mg once daily or 90 mg twice daily was allowed for inadequate response (rising percentage of blasts or loss of HR in 2 consecutive assessments at least one week apart; absence of a complete HR [CHR] , no evidence of leukemia [NEL], or minor HR within 4 weeks; no major CyR [MCyR] after 3 months; or no complete CyR [CCyR] after 6 months). Dose interruption or reduction to 80 mg once daily or 40 mg twice daily was allowed in cases of drug toxicity (grade 2 or greater nonhematologic toxicity considered related to dasatinib; absolute neutrophil count Ͻ 0.5 ϫ 10 9 /L and/or platelets Ͻ 10 ϫ 10 9 /L for more than 6 weeks with bone marrow cellularity Ͻ 10% with blasts Ͻ 5% or bone marrow cellularity Ͼ 10% with blasts Ͼ 5%; or febrile neutropenia with signs of septicemia).
CML therapies other than dasatinib were prohibited during the study, with the exception of hydroxyurea for elevated white blood cell counts. Colony-stimulating factors and recombinant erythropoietin were permitted at the discretion of the investigator, according to institutional guidelines. Patients were supported with platelet transfusions as required.
Patient evaluation
Hematologic assessment (defined previously 17 ) was performed on all patients within 72 hours of initiating treatment, weekly during weeks 1 through 6, at weeks 8 and 12, and monthly thereafter. Major HR was defined as attaining a CHR or NEL (normalization of peripheral blood counts, white blood cell count less than 10 ϫ 10 9 /L, platelets from 20 to less than 100 ϫ 10 9 /L absolute neutrophil count 0.5 to less than 1.0 ϫ 10 9 /L). A CHR was confirmed if all criteria were met consistently for subsequent assessments for at least 28 days. During this interval, 2 consecutive assessments showing nonresponse were interpreted as response not achieved, whereas a single nonresponse between 2 assessments qualifying for CHR did not preclude a response being achieved.
Disease progression was defined by the first occurrence after administration of maximum dasatinib dose of any of the following: initial HR but subsequent failure to consistently meet HR criteria over a consecutive 2-week period; no decrease from on-study baseline for percentage blasts in peripheral blood or bone marrow on all assessments over a 4-week period; absolute increase of at least 50% in peripheral blood blasts over a 2-week period; development of CML-BP at any time after initiation of therapy; or development of extramedullary disease sites other than the spleen or liver. Patients who died without progressing were considered to have progressed at the time of death.
Cytogenetic assessment of bone marrow metaphases was performed within 4 weeks and subsequently at the end of months 1, 2, 3, 6, 9, and 12. Standard definitions of CyR were used: CCyR, 0% Ph ϩ metaphases; partial CyR (PCyR), more than 0% to 35% Ph ϩ metaphases; minor CyR, 36% to 65% Ph ϩ metaphases; minimal CyR, more than 65% to 95% Ph ϩ metaphases; and no CyR, more than 95% Ph ϩ metaphases. An MCyR was defined as either a CCyR or PCyR.
BCR-ABL mutation data were collected by DNA sequencing at baseline and at the end of treatment.
Safety and tolerability were assessed using the National Cancer Institute Common Terminology Criteria for Adverse Events, version 3.0.
Statistical analyses
No formal statistical comparison between treatment arms was planned for CA180-035 subgroup analyses. Exact 95% confidence intervals (CIs) by Clopper and Pearson were calculated for estimates of major HR and MCyR. 21 PFS, OS, and time to and duration of major HR and MCyR were estimated using Kaplan-Meier product limit methodology, and median and 95% CI values 22 were calculated. Across the entire CA180-035 study (including CML-AP in addition to other patient subgroups), the noninferiority of once-daily compared with twice-daily treatment for the primary endpoint was based on whether the lower bound of the 95% CI for the difference in major HR rates at 6 months between the regimens was more than or equal to 2%. For descriptive purposes, post-hoc analyses were performed using log-rank test (PFS and OS) and Fisher exact test.
Selected adverse event rates (pleural effusion, gastrointestinal bleeding, hypocalcemia, hypomagnesemia, white blood cell, platelet, absolute neutrophil count) were compared using Fisher exact test (all Common Terminology Criteria for Adverse Events grades).
Results

Patient demographics and disease characteristics
In total, 319 patients with CML-AP from 97 centers worldwide were enrolled in this study between July 2005 and March 2006. Of these, 317 patients were randomized to dasatinib 140 mg once daily or 70 mg twice daily (Figure 1 ). Baseline demographics and disease characteristics were representative of patients with CML-AP and were comparable between the 2 treatment schedules (Table 1) . Three patients were enrolled in the once-daily group who were Ph Ϫ and BCR-ABL ϩ . Among the 316 patients who received at least one dose of study drug, the median duration of therapy was 15.4 months (range, 0.03-31.15 months) in the once-daily group and 12 months (range, 0.39-28.8 months) in the twice-daily group. At last followup, 110 patients were still receiving on-study dasatinib treatment. For personal use only. on April 23, 2017 . by guest www.bloodjournal.org From
Results are reported with follow-up extending to 34.5 months (minimum, 0.16 months; median follow-up, 15 months; median duration of treatment all subjects, 13.6 months).
Hematologic and cytogenetic responses
Hematologic and cytogenetic response rates were similar with the 2 dasatinib dosing schedules (Table 2) . Major HRs were achieved in 66% of patients in the once-daily group (95% CI, 59%-74%) and 68% of patients in the twice-daily group (95% CI, 60%-75%), including CHRs in 47% (95% CI, 40%-56%) and 52% (95% CI, 44%-60%) of patients on once-and twice-daily dosing, respectively. Most major HRs were achieved within 4 months of therapy, and the median time to major HR was 1.9 months in both treatment groups. Among patients achieving a major HR, the median duration of response was not reached in either treatment group at the time of the data analysis ( Figure 2 ). Among responding patients in the once-daily and twice-daily groups, a major HR was sustained for 12 months by an estimated 85% versus 82% of patients, and for 24 months by 65% versus 60%, respectively. Of 47 patients entering with a CHR at baseline, CHRs were maintained in 35 patients (74%, imatinib-resistant, 21 of 28; imatinib-intolerant, 14 of 19). CHR was achieved in 45% of patients (122 of 270) with no CHR at baseline (imatinib-resistant, 97 of 205; imatinibintolerant, 25 of 65).
Overall, the MCyR rate was 39% (95% CI, 31%-47%) in the once-daily group and 43% (95% CI, 35%-51%) in the twice-daily group. CCyR rates were 32% and 33%, respectively. The median time to MCyR was 2.8 months (95% CI, 2.1-5.6 months) in the once-daily group and 2.5 months (95% CI, 1.9-3.0 months) in the twice-daily group, with most MCyRs being achieved within 6 months. Among patients achieving an MCyR, the median duration of response was not reached in either treatment group at the time of data analysis ( Figure 2 ). Among responding patients in the once-daily and twice-daily groups, an MCyR was sustained for 12 months by 91% versus 82% of patients, and for 24 months by 63% versus 75%, respectively. Of 27 patients entering with an MCyR at baseline, MCyRs were maintained in 24 patients (89%, imatinib-resistant, 12 of 14; imatinib-intolerant, 12 of 13). MCyR was achieved in 36% of patients (105 of 290) with no MCyR at baseline (imatinib-resistant, 79 of 219; imatinib-intolerant, 26 of 71). Excluding the 3 patients on once-daily treatment that were Ph Ϫ , the MCyR and CCyR rates were 38% and 43%, and 32% and 33% in the once-and twice-daily groups, respectively.
BCR-ABL mutations
According to mutation status, major HR and MCyR rates with dasatinib were broadly similar between treatment groups (Table 3) .
PFS
The treatment groups were comparable in terms of the proportion of patients sustaining a PFS during follow-up (Figure 3 ). The median PFS was 25.1 and 26.0 months for the once-and twice-daily groups, respectively. Estimated PFS rates were 68% (95% CI, 61%-76%) and 69% (95% CI, 61%-77%) at 12 months, and 51% (95% CI, 42%-60%) and 55% (95% CI, 46%-64%) (P ϭ .566) at 24 months for the once-and twice-daily groups, respectively. Excluding patients with a T315I mutation, 24-month PFS rates were 52% (95% CI, 43%-61%) and 57% (95% CI, 48%-66%). Excluding patients who were in CHR at baseline, 24-month PFS rates were and 45% (95% CI, 36%-55%) and 52% (95% CI, 42%-62%) for the once-and twice-daily groups, respectively.
OS
The median OS was not reached for the once-daily group and 30.7 months for the twice-daily group (Figure 4) . For the once-and twice-daily groups, respectively, estimated OS rates were 78% (95% CI, 71%-84%) and 84% (95% CI, 79%-90%) at 12 months, and 63% (95% CI, 56%-71%) and 72% (95% CI, 65%-79%) at 24 months (P ϭ .140). Among patients who died during the study, a similar number of patients died of progressive disease in the For personal use only. on April 23, 2017. by guest www.bloodjournal.org From 2 treatment groups (52% vs 43%, respectively; P ϭ .435). Other reasons for death in the once-and twice-daily groups, respectively, assigned by study investigators, were: cardiovascular disease (2% vs 11%; P ϭ .085), fatal bleeding (7% vs 9%), infection (22% vs 24%), other (9% [including a combination of disease plus sepsis, cardiac arrest, acute respiratory failure, sudden death, and acute respiratory distress syndrome] vs 11% [including 2 cases of graft-versus-host disease after transplant, cerebrovascular accident, status epilepticus, and respiratory arrest]), study drug toxicity (2% vs 0%), and unknown (7% vs Ͻ 2%).
At 24 months, the estimated OS rate in the once-and twicedaily groups was 64% and 76% for those patients with no BCR-ABL mutation, 64% and 73% for those patients with any mutation excluding T315I, and 62% and 67% for those with any mutation including T315I.
Safety and tolerability
Both dasatinib schedules were relatively well tolerated during the course of the study. Nonhematologic adverse events were generally mild to moderate (grades 1 or 2). The incidence of individual grade 3 to 4 events was less than or equal to 8% (Table 4) . Diarrhea, fluid retention, nausea, headache, and fatigue were the most common all-grade nonhematologic adverse events. Rates of nonhematologic adverse events were similar between the 2 groups, although a trend was observed for a lower incidence of gastrointestinal bleeding with once-daily versus twice-daily treatment (all grades, 8% vs 13%, respectively P ϭ .2036). Compared with 70 mg twice daily, 140 mg once daily was associated with a lower incidence of all-grade fluid retention-related events. In particular patients, For personal use only. on April 23, 2017 . by guest www.bloodjournal.org From receiving once-daily treatment had significantly fewer pleural effusions (all grades, 20% vs 39%, P Ͻ .001; Table 4 ). Pleural effusions were manageable and led to treatment discontinuation in only 4% (once-daily group) and 9% (twice-daily group) of patients. Pericardial effusions occurred slightly more frequently in the twice-daily group (once-daily vs twice-daily: all grades, 3% vs 7%; grade 3 to 4, 1% vs 3%). The incidence of congestive heart failure or cardiac dysfunction was 0% and 3% in the once-and twice-daily groups, respectively. As would be expected for patients with advanced-stage disease, the incidence of all-grade cytopenia was high and was comparable between the 2 groups.
Dose adjustments and treatment discontinuations
The once-daily group required fewer dose reductions (38% vs 50%) and interruptions (64% vs 74%) than the twice-daily group (Table 5) . For both schedules, nonhematologic toxicity was the main reason for dose interruption and/or reduction. Dasatinib dose was escalated in a higher proportion of once-daily recipients (33% vs 25%).
At the time of analysis, 34% of patients in the once-daily group and 35% of patients in the twice-daily group remained on study, with a median duration of therapy of 23 months in both treatment arms.
Discussion
In the current study, dasatinib 140 mg once daily was associated with comparable hematologic and cytogenetic response rates to the standard 70-mg twice-daily regimen. A similar proportion of patients in both groups had sustained a durable response at 24 months. The PFS rate was also similar between both groups. Estimated OS rates showed that 60% to 70% of patients were alive with 15 months of follow-up. Compared with the earlier analysis of data from 6.5 months of follow up, 23 response rates were increased (once daily vs twice daily: major HR from 63% to 66% vs 66% to 68%; CCyR from 27% to 32% vs 27% to 33%).
Although dasatinib was generally well tolerated with both dose schedules, once-daily treatment was associated with an improved safety profile compared with twice-daily treatment. The proportions of patients remaining on study at last follow-up were similar in each treatment group. Adverse events of special interest that have been previously described with dasatinib and other Bcr-Abl tyrosine kinase inhibitors include cytopenia, fluid retention, and gastrointestinal bleeding. Compared with twice-daily treatment, once-daily dasatinib therapy was associated with a significantly lower incidence of pleural effusion (P Ͻ .001). A trend was also seen toward lower rates of all-grade gastrointestinal bleeding in the once-daily group. In a recent phase 3 dose-and scheduleoptimization study conducted in patients with CML-CP a tolerability benefit in favor of once-daily dosing was also reported. 24 The results presented here are consistent with longer-term results from the phase 2 study of dasatinib 70 mg twice daily in 174 patients with imatinib-resistant or -intolerant CML-AP (median follow-up, 14.1 months). 25 A total of 64% of patients achieved a major HR, and 39% and 32% of patients achieved an MCyR and CCyR, respectively. Sustained efficacy and improved tolerability for a once-daily compared with a twice-daily dasatinib regimen have also been reported among patients with CML-CP resistant or intolerant to imatinib. 24 The authors speculated that the noncontinuous target inhibition with once-daily dosing may explain these observations. After administration, dasatinib is extensively metabolized, with an elimination half-life of less than 4 hours. 26 In a study of patients enrolled in a phase 1 trial, levels of phosphorylated CrkL, a marker for Bcr-Abl activity, decreased in a dose-dependent manner 4 hours after an initial dose of dasatinib. 27 As dasatinib serum levels declined, CrkL phosphorylation was restored, indicating that once-daily dosing resulted in transient Bcr-Abl inhibition. 27 In vitro studies showed that transient inhibition of CrkL phosphorylation, induced by dasatinib at clinically relevant concentrations, resulted in the rapid death of CML cells. 27 These data suggest that continuous Bcr-Abl exposure may not be required for efficacy. The safety benefits of once-daily dasatinib treatment have been examined in a recent pharmacokinetic analysis in patients with CML-CP. 28 Dasatinib administered as 140 mg once daily or 70 mg twice daily resulted in similar plasma steady-state average concentrations, but the plasma steady-state trough concentration (C min ) was lower with 140 mg once daily. Importantly, C min levels correlated with dasatinib safety parameters. The efficacy of another Bcr-Abl inhibitor, nilotinib (Tasigna, Novartis), has recently been evaluated in CML-AP. 29 In an open-label, phase 2 study among 136 patients (median treatment duration, 210 days), a confirmed HR was achieved in 54% (69 of 129) with 34 patients (26%) achieving a CHR. Major CyR was achieved by 40 patients (31%) with 24 patients (19%) achieving a CCyR. At 12 months, the estimated PFS and OS rates were 57% and 81%, respectively. The most common grade 3 or 4 hematologic adverse events were thrombocytopenia (41%), neutropenia (39%), anemia (25%), and elevated serum lipase (16%). Although dasatinib has been shown to be 16-fold more potent than nilotinib at inhibiting unmutated BCR-ABL in vitro, 30 no direct comparisons between these agents in the CML setting have so far been reported.
In conclusion, the extended follow-up from this study demonstrates that dasatinib 140 mg once daily has similar efficacy to dasatinib 70 mg twice daily but with an improved safety profile. For patients with CML-AP who are resistant or intolerant to imatinib, a dasatinib dose of 140 mg once daily is recommended. 
